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Description 

[LADDER-TYPE GATE STRUCTURE FOR 
FOUR-TERMINAL SOI SEMICONDUCTOR 

DEVICE ] 

Background of Invention 

[0001] Technical Field 

[0002] The invention relates generally to semiconductor devices 
and more specifically to a semiconductor gate structure 
for a silicon-on-insulator (SOI) semiconductor device. 

[0003] Related Art 

[0004] jo form a four-terminal (source, drain, gate, body) semi- 
conductor device in bulk technology, electrical connection 
is typically made via the substrate to the body region. The 
body bias is relatively fixed for all bias conditions. Com- 
paratively, the body region of a conventional SOI semicon- 
ductor device is isolated from the substrate by the under- 
lying insulator. Thus, conventional SOI semiconductor de- 
vices typically have three terminals (source, drain, gate) 



with the body region of the SOI semiconductor device ei- 
ther being coupled to the source/drain terminals, coupled 
to the backgate of the body region, or not coupled at all 
(electrically floating). In the aforementioned cases, the 
body bias is generally not fixed for all bias conditions. 
That is, if the body region electrically floats, the body bias 
of the body region is normally dependent on the terminal 
biases. The coupling of the body region to any other re- 
gion also results in a modified device behavior when com- 
pared to the expected behavior of a fixed body bias. 
[0005] Contact to the body region of an SOI semiconductor de- 
vice is needed to form a four-terminal SOI semiconductor 
device. Such four-terminal semiconductor devices provide 
a fixed body bias and are analogous to a bulk semicon- 
ductor device, except that bulk semiconductor devices 
generally have very low series resistance between the 
body contact and the actual body region of the device. In 
four-terminal SOI semiconductor devices heretofore 
known, control of the body region voltage is accomplished 
through either contacting the body region at the edge of 
the semiconductor device, or providing a semiconductor 
contact region at the surface of the semiconductor device 
that may be used to contact and control the voltage of the 



body region. One example of the latter case is an H-gate 
semiconductor device. Contacting the body region 
through a semiconductor device such as an H-gate semi- 
conductor device provides accurate control voltage only at 
the points proximate the contact. The resistance to any 
point of the body region increases with distance away 
from the contact. Therefore, any current provided through 
the contact will cause a corresponding increase in series 
resistance across the body region at distances away from 
the contact. As a result, a single contact does not provide 
a low series resistance and consequently, does not pro- 
vide a uniform voltage across the entire body region for 
either testing or operation of the four-terminal semicon- 
ductor device. Accordingly, a need has developed in the 
art for a structure and method that will provide a substan- 
tially uniform voltage across the body region in a four- 
terminal SOI semiconductor device. 
Summary of Invention 

[0006] The present invention provides a four-terminal SOI semi- 
conductor device that includes a gate structure for pro- 
viding a substantially uniform voltage across a body re- 
gion through a plurality of paths to the body region in the 
SOI semiconductor device. 



[0007] Generally, a first aspect of the present invention is di- 
rected to a semiconductor structure formed on an insulat- 
ing layer, the structure comprising: a gate having a first 
portion and a second portion; a body region under the 
first portion of the gate; a body contact adjacent to the 
second portion of the gate; and a plurality of body paths 
connecting the body region to the body contact through a 
drain region. 

[0008] | n addition, a second aspect of the present invention pro- 
vides a method comprising the steps of: forming a body 
region on an insulating layer; forming a gate having a first 
portion and a second portion, the first portion of the gate 
formed on top of the body region; forming a body contact 
adjacent to the second portion of the gate; and connect- 
ing the body region to the body contact through a plural- 
ity of body paths through a drain region. 

[0009] The present invention also provides a four-terminal sili- 
con-on-insulator semiconductor device comprising: an 
insulating layer; a gate over the insulating layer having a 
first portion and a second portion; a body region under 
the first portion of the gate; a body contact adjacent to 
the second portion of the gate; and a plurality of body 
paths connecting the body region to the body contact 



through a drain region. 
[0010] The foregoing and other features of the invention will be 
apparent from the following more particular description of 
embodiments of the invention, as illustrated in the ac- 
companying drawings. 
Brief Description of Drawings 

[0011] Embodiments of the present invention will hereinafter be 
described in conjunction with the appended drawings, 
where like designations denote like elements, and 
wherein: 

[0012] FIG. 1 is a plan view of a SOI semiconductor structure in 
accordance with a first embodiment of the present inven- 
tion; and 

[0013] FIG. 2 is a plan view of a SOI semiconductor structure in 
accordance with a second embodiment of the present in- 
vention. 
Detailed Description 

[0014] with reference to the accompanying drawings, FIG. 1 is a 
plan view of a semiconductor structure 10 for a four- 
terminal SOI semiconductor device 15 in accordance with 
a first embodiment of the invention. Semiconductor struc- 
ture 10 includes a ladder-type gate structure 20 and an 



active region 12, which is formed on an insulating layer 
18 and surrounded by an isolation region 42. Ladder-type 
gate structure 20 includes a first portion 22, a second 
portion 26, a plurality of body path portions 24 connect- 
ing first portion 22 to second portion 26, and gate contact 
58. In this specific example, first portion 22 is parallel to 
second portion 26 with body path portions 24 being per- 
pendicular to first portion 22 and second portion 26, but 
the invention is not limited to such. Body path portions 24 
are formed through a drain region 36, and are formed as 
narrow as known gate designs allow. 
[0015] a source region 30 is located in active region 12 between 
first portion 22 of ladder-type gate structure 20 and iso- 
lation region 42. Drain region 36 is located in active re- 
gion 12 between first portion 22 and second portion 26. 
Source region 30 and drain region 36 have a first conduc- 
tivity type (e.g., N). Source region 30 includes source con- 
tact 52 and drain region 36 includes drain contact 54. 
Source region 30 and drain region 36 may be formed 
within active region 12 by any method known to one of 
ordinary skill in the art, such as by known ion implanta- 
tion methods. 

[0016] a body region 34 under first portion 22 of ladder-type 



gate structure 20 may be contacted and independently 
controlled through a body contact 48. Body contact 48 is 
located in an implant region 40, which extends from and 
is adjacent to second portion 26 of ladder-type gate 
structure 20. Body contact 48 contacts body region 34 
through a second portion body region 32 under second 
portion 26, and through a plurality of body paths 38 un- 
der body path portions 24. Implant region 40 may be de- 
fined by mask 50. Implant region 40, body region 34, 
body paths 38, and second portion body region 32 all are 
of a second conductivity type (e.g., P). Body paths 38 are 
coplanar with a top surface of body region 34 and connect 
body region 34 to second portion body region 32 through 
drain region 36. Body paths 38 are also coplanar with a 
top surface of second portion body region 32. Body con- 
tact 48, source contact 52, drain contact 54, and gate 
contact 58 form the four terminals for four-terminal SOI 
semiconductor device 15. 
[0017] Although five body paths 38 are shown in this specific ex- 
ample, it is to be understood that the invention is not lim- 
ited to such, and if desired, even a single body path may 
be used. The contact of body region 34 through body 
paths 38 allows for a reduced voltage across body region 



34 as compared to known alternatives (e.g., the H-gate 
semiconductor device), since the average body resistance 
and diode current are reduced through body paths 38 and 
second portion body region 32 of the present invention. 
Furthermore, the contact of body region 34 through body 
paths 38 allows for a substantially uniform voltage across 
body region 34. 

[0018] Ladder-type gate structure 20, body region 34, body 
paths 38 and second portion body region 32 may be 
formed through a conventional SOI process without the 
need for extra masks. That is, a thin gate oxide layer may 
be provided over active region 12, followed by a doped 
polysilicon gate layer. The doped polysilicon gate layer 
and the gate oxide layer are selectively etched to form 
ladder-type gate structure 20. 

[0019] Although in this specific example, semiconductor struc- 
ture 10 includes a silicon-on-insulator (SOI) npn transis- 
tor, with N-type source region 30 and drain region 36 and 
P-type body region 34, body paths 38, and second por- 
tion body region 32 under ladder-type gate structure 20, 
it is to be understood that a pnp transistor with corre- 
sponding regions and modifications to semiconductor 
structure 10 may also be used. 



[0020] FIG. 2 is a plan view of a semiconductor structure 110 in 
accordance with a second embodiment of the invention. 
Semiconductor structure 110 is similar in structure to 
semiconductor structure 10 (FIG. 1) except for the forma- 
tion of active region 112 and implant region 140. 

[0021] Semiconductor structure 110 includes a ladder-type gate 
structure 120 and an active region 112, which is formed 
on an insulating layer similar to insulating layer 18 (FIG. 1) 
and surrounded by an isolation region 142. Ladder-type 
gate structure 120 includes a first portion 122, a second 
portion 126, a plurality of body path portions 124 con- 
necting first portion 122 to second portion 126, and gate 
contact 158. As in the previous example, first portion 122 
is parallel to second portion 126 with body path portions 
124 being perpendicular to first portion 122 and second 
portion 126, but the invention is not limited to such. Body 
path portions 124 are formed through a drain region 136. 

[0022] a source region 130 is located in active region 112 be- 
tween first portion 122 of ladder-type gate structure 120 
and isolation region 142. Drain region 136 is located in 
active region 112 between first portion 122 and second 
portion 126. Source region 130 and drain region 136 have 
a first conductivity type (e.g., N). Source region 130 in- 



eludes source contact 152 and drain region 136 includes 
drain contact 154. Source region 130 and drain region 
136 may be formed within active region 112 by any 
method known to one of ordinary skill in the art, such as 
by known ion implantation methods. 

[0023] implant region 140 extends from second portion 126 of 
ladder-type gate structure 120 and may be defined by 
mask 150. Active region 112 under ladder-type gate 
structure 120 and implant region 140 are of a second 
conductivity type. Implant region 140 includes body con- 
tact 148. Body contact 148, source contact 152, drain 
contact 154, and gate contact 158 form the four terminals 
for semiconductor structure 110. 

[0024] | n t n j S embodiment, active region 112 is notched in im- 
plant region 140, with notches 146 extending as far under 
or past second portion 126 of ladder-type gate structure 
120 as possible without interfering with the electrical 
contact to drain region 136. As compared to active region 
12 (FIG. 1), the decrease of active region 112 under sec- 
ond portion 126 of ladder-type gate structure 120 re- 
duces the gate leakage with a very small increase in the 
body resistance. Although five notches 146 are shown for 
this specific example, it is to be understood that the in- 



vention is not limited to such. 

[0025] as in FIG. 1, ladder-type gate structure 120 of FIG. 2 may 
be formed through a conventional SOI process without the 
need for extra masks. 

[0026] Although in this specific example, semiconductor struc- 
ture 110 includes a silicon-on-insulator (SOI) npn transis- 
tor, with N-type source region 130 and drain region 136 
and P-type active region 112 under ladder-type gate 
structure 120, it is to be understood that a pnp transistor 
with corresponding regions and modifications to semi- 
conductor structure 110 may also be used. 

[0027] The present invention thus provides a four-terminal SOI 
semiconductor device that includes a gate structure pro- 
viding a plurality of paths to a body region in the SOI 
semiconductor device, which allows for a substantially 
uniform voltage across the body region. Although SOI 
technology is specifically discussed in reference to the 
present invention, it is to be understood that technology 
similar to SOI, such as the silicon-on-sapphire (SOS) tech- 
nology, may also be used. 

[0028] while this invention has been described in conjunction 
with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and variations 



will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 



